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ROAD IMPACT PRODUCED BY A HEAVY MOTOR BUS 
Reported By JAMES A. BUCHANAN, Associate Engineer of Tests, United States Bureau of Public Roads 

impact forces exerted on the pavement by the 
wheels of motor trucks and busses has been the 

object of an extended series of investigations by the 
Bureau of Public Roads, in cooperation with the 
Rubber Manufacturers’ Association and the Society of 
Automotive Engineers. In the course of these investi- 
gations the major factors which affect the magnitude 
of such impact reactions have been separately and 
collectively studied both in the field and in the labora- 

] J itapact fares exer of the magnitude of the vertical deformation for the single and dual tire equip- 
ments used on the rear wheels are given in Figure 2. 
It has been the experience throughout all the tests 
that dual tires of a given type are somewhat less 
cushioning than single tires of the same type and of 
corresponding carrying capacity. The reason for this 
is found in the respective cross-sectional dimensions of 
the two types of mounting. A single tire has greater 
sectional depth than dual tires of the same type and 
carrying capacity. This greater depth permits greater 

tory. In order to round 
out this research a final 
series of tests has been 
made with a bus chassis 
capable of carrying heavy 
loads at high speeds, to 
anticipate, in some meas- 
ure at least, the trend in 
operating conditions for 
several years to come. 

PURPOSE OF THE TESTS 

This series of tests was 
planned with three objects 
in mind. First, data were 
desired concerning the 
magnitudes of the impact 
reactions produced at high 
operating speeds and the 

CONCLUSIONS DERIVED FROM BUS IMPACT TESTS 

1. With balloon tires as used in these tests, reactions of 
about three times the static wheel load may be encountered 
in isolated cases, generally where pavement failure has 
already occurred and repairs are necessary. 

2. A few reactions amounting to twice the static wheel 
load may be expected for each mile of rough surface. 

3. The frequent reactions for rough surfaces amount to 
about 1.5 times the static wheel load. 

4. Even the smoothest roads produce frequent reactions 
of from 1.1 to 1.2 times the static wheel load. 

5. Concerning the maximum reactions produced at a large 
number of individual roughness conditions, the general 
tendency is for this maximum to increase in approximate 
proportion to speed up to about 40 miles per hour, and at 
speeds greater than that comparatively slight increases in 
reaction are noted. However, occasional roughness con- 
ditions may occur where the maximum reaction developed 
at 20 or 30 miles per hour is as great as the maximum pro- 
duced by the majority of the roughnesses at only the higher 

vertical deformations 
which decrease the abrupt- 
ness of velocity changes or 
accelerations imparted to 
the axle and correspond- 
ingly decrease the dynamic 
components of the impact 
reactions. 
In Figure 3 data are given 

concerning the areas of con- 
tact between the tires and 
a plane reacting surface un- 
der static loads. The area 
of contact is taken as the 
entire area within the out- 
line of the impression. The 
broken line in this figure 
represents the entire area 
under the influence of the 

relative magnitudes of the speeds. 

shock and drop types of 
reaction throughout the 
full range in speed represented by modern operating con- 
ditions. Second, more complete data were desired con- 
cerning the magnitude of the reactions developed by a 
considerable number of severe but typical roughness con- 
ditions occurring on the surfaces of highways in actual 
use. Third, data were desired concerning the relation 
between the magnitude of reaction and the frequency 
of occurrence for the full range of surface roughness of 
highways. The data obtained in these tests and the 
conclusions drawn therefrom are presented herewith. 

HEAVY-DUTY BUS SELECTED 

The vehicle selected for use in these tests was a 240- 
inch wheel-base, heavy-duty bus chassis. It was de- 
signed to have a gross weight of 24,000 pounds, and 
this was obtained in the tests by placing iron weights 
on a special platform body, as shown in Figure 1. 
The front-axle load was 8,000 pounds and was carried 
by 9.75-24 inch balloon tires throughout the tests. 
The rear-axle load of 16,000 pounds was carried on 
interchangeable 9.75—24 inch dual and 12.75-24 inch 
single balloon tire equipments. The respective tires 
were inflated to pressures recommended by the Tire 
and Rim Association for the capacity load carried.’ 
The vehicle had an available speed range of 0 to 80 
miles per hour. The average unsprung weight at the 
right rear wheel was 1,817 pounds. 

STATIC TESTS 

The tires were subjected to the usual tests under 
static load conditions. The curves of static load versus 

1 The inflation pressures were determined with a calibrated Bourdon-tube pressure 
gage. Frequent observations of inflation pressures were made throughout the tests. 

144212—32 

dual tires. This gross area 
was obtained by multiply- 
ing the length of a given 

contact impression by the center to center spacing of 
the dual tire mounting and adding to this product the 
contact area for one of the tires in the dual mounting. 
_ Data concerning the static tests of the tires are given 
in Table 1. The areas of contact are included because 
they have a bearing on the stresses developed within 
the pavement structure. 

TaBLE 1.—Data from static tests of tires 

WG SI2G re oe 3 inches__ 9. 75-24 12. 75-24 
OUD Seek ae a ae ee eee ea ee ee Dual. Single. 
Plies Seas. Sipe OL aie Agha Sen Se ae wh 10 16 
RIS 7e2 aes Ce i Sees © inches_. 24x8 24x 11 
Dualspacine 2s. e 2 aa wee gules 2 ee eee 
Inflation pressure __________ Ibs. per sq. in__ 63 90 
Vertical deformation: 

8,000-pound wheel load_ -_-__-_- inches__ 1. 23 1. 49 
16,000-pound wheel load_______ douje as Pa, Ae 2. 62 
24,000-pound wheel load_______ Ome 3. 08 3. 72 

Gross contact area ?: 
8,000-pound wheel load_____-_ Scretse 192 92 
16,000-pound wheel load____ ~~~ dG=es= 282 162 
24,000-pound wheel load______-_ CKO 354 211 

Average unit pressure based on gross con- 
tact area: 
8,000-pound wheel load_lbs. per sq. in__ 42 87 
16,000-pound wheel load_______ doves = 57 99 
24,000-pound wheel load_-___-_- dom=2 68 114 

INSTRUMENTATION DESCRIBED 

As in former tests, the method of determining the 
magnitudes of the impact forces was to measure the 
accelerations imparted to a rear wheel by means of 
contact-type accelerometers rigidly mounted on the 

2 Gross contact area for dual tires includes area between the tires. It is obtained 
by multiplying the contact length by the dual spacing and adding the area of contact. 
of a single tire. 

137 
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Figure 1.—Tse Bus Cuassis aS USED IN THE : TESTS, 
SHOWING THE ARRANGEMENT OF 100-PouND WEIGHTS 

- 
Ww (e) 

DY) fo} 

STATIC LOAD 

THOUSANDS OF POUNDS 

3 4 

VERTICAL DEFORMATION -INCHES 

S - SINGLE 1275-24 INCH BALLOON, 90 POUNDS PER SQUARE INCH INFLATION. 

D - DUAL 975-24 \iNCH BALLOON, 63 POUNDS PER SQUARE INCH INFLATION, 

Figure 2.—Sratic Loap-DEFLECTION CURVES OF THE TIRES 

STATIC LOAD 

THOUSANDS OF POUNDS 

200 300 400 

CONTACT AREA— SQUARE INCHES 

S -SINGLE 1275-24 INCH BALLOON, 90 POUNDS PER SQUARE INCH INFLATION 

D - OUAL 9 75-24 INCH BALLOON, 63 POUNDS PER SQUARE INCH INFLATION, 

NOT INCLUDING THE AREA BETWEEN THE TWO IMPRESSIONS. 

DG = DUAL 975-24 INCH BALLOON, 63 POUNDS PER SQUARE INCH INFLATION, 

INCLUDING THE AREA BETWEEN THE TWO IMPRESSIONS 

Figure 3.—Sratic Loap-Contact AREA CURVES OF THE 
TIRES 

rear axles at the saddle which received the vehicle 
spring. The principle involved in the use of these 
contact accelerometers is briefly described as follows: 

A pivoted weight or inertia element is restrained 
from oscillation, except through a minute arc, by two 
adjustable screws which also constitute electric con- 
tacts. A calibrated cantilever spring is attached to 

.the pivoted weight. This spring is deflected known 
amounts by a micrometer adjustment at its outer end. 
The pressure imposed on the spring causes the inertia 
element to exert a known force against one of the con- 
tact stop screws. The accelerometer unit, being 
rigidly fastened to the vehicle axle, receives the accelera- 
tions imparted to the axle. When the product of the 
imparted acceleration and the mass of the inertia ele- 
ment is a force greater than the force due to the de- 
flected cantilever spring, the inertia element will break 
away from one contact stop screw, travel not more than 

two-thousandths of an inch and make contact with the 
other contact stop screw. Whether or not this move- 
ment takes place, 1. e., whether or not the imparted 
acceleration exceeds the acceleration corresponding 
to a given deflection at the micrometer adjustment of 
the cantilever spring, is determined by an autographic 
record or by means of a telephone circuit. 

The 10-element, autographic, contact-type acceler- 
ometer was fully described in an earlier report on impact 
tests which appeared in the April, 1931, issue of 
Pusiic Roaps. This instrument, which is shown in 
Figure 4, was used in the tests involving artificial ob- 

roughness structions and natural conditions. Be- 

Figure 4.—Tue 10-ELemMent AutToGrRApHic Contact ACCEL- 
EROMETER MOUNTED aT THE REAR WHEEL. THE OPEN 
Cover SHows THE METHOD oF DRAWING SPECIAL PARAF- 
FIN-COATED PAPER BENEATH THE STYLI ATTACHED TO 
THE ACCELEROMETER HLEMENTS. THE FLEXIBLE SHAFT 
AT THE Rigut ConrTains A CABLE DRIVEN BY AN ELEC- 
TRIc Motor 

cause of the great length of records which would have 
been involved, the autographic instrument was not 
used in the tests conducted over the half-mile lengths 
of typical road surfaces. For these latter tests a single- 
element contact accelerometer recording through tele- 
phones was used. 

The single-element, telephone-recording instrument, 
which is shown as used in the tests in Figure 5, was de- 
scribed in the July, 1930, issue of Pusiic Roaps, in 
an article dealing with the instrumentation involved 
in motor vehicle impact tests. There was the following 
modification in the method of observing the action of 
the single-element accelerometer. The telephone cir- 
cuit was arranged with three head sets in parallel which 
were used by three observers simultaneously. In this 
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a. 

FicureE 5.—TuHE SINGLE-ELEMENT Contact ACCELEROME- 
TER MOUNTED ON THE YOKE WHICH IS BOLTED TO THE 
REAR AXLE AT THE SPRING Pap 

way a check was obtained on the counts of the number 
of times an acceleration of a given magnitude was 
imparted to the axle during the course of a test run. 
By making a number of runs for which the acceleration 
setting was successively increased until no response 
was recorded, the desired data on acceleration versus 
frequency of occurrence were readily obtained for each 
road test condition. 

The impact force was obtained in the usual manner 
by multiplying the mass of the unsprung weight at the 
rear wheel by the acceleration as determined in each 
test and adding to this product (which is the dynamic 
increment) the static weight on the wheel.’ The flexing 
of the vehicle spring above or below its static load posi- 
tion may cause minor variations of the actual total 
force from the force as computed by this method. It 
has been pointed out in the earlier publications, how- 
ever, and justified by experimental evidence, that the 
complication of the test procedure involved in securing 
data to make a correction for this variation is not war- 
ranted by the nature of the tests. The average pres- 
sure exerted by the spring is approximately that of the 
static load position. The contact accelerometer is not 
particularly adapted to the task of obtaining a simul- 
taneous record of the flexing of the vehicle spring, and, 
in the interest of simplification of instrumentation and 

test procedure such corrections have not been made. 
What the nature of the corrections would be in the 

case of the artifical obstructions has been clearly indi- 
cated by the truck impact tests described in Pusuic 
Roaps, volume 7, No. 4, June, 1926. In these tests the 
sprung component of the impact force was measured. 
In the case of shock it appears, from both theory and 
observation, that the maximum impact takes place at a 
point when the axle is only slightly lifted above its 

3 This is expressed by the equation 
F=mA+L, 
F=total vertical reaction per rear wheel. 
m=miass of unsprung weight per rear wheel. 
A=acceleration imparted to unsprung mass, 
L=static load on pavement, per rear wheel. 

in which 

| this parting of the wheel and body is 
_as to put the spring in tension. 

normal rolling position, and for this reason the increase 
| 1n spring pressure under shock conditions is negligible. 

In the case of drop after striking an artificial obstruc- 
| tion it was found that in practically all cases the spring 
pressure was reduced below its value under static 
conditions. The explanation of this phenomenon 
appears to be about as follows. The body, as a result 
of the force applied by the shock, starts upward in a 
swing which is of relatively long duration compared to 
the more violent oscillations of the axle. At the instant 
of maximum drop impact the body has very likely not 
returned to its static level. At the same time the axle 
has been depressed below its static position by an amount 
equal to the increased deflection of the tire under the 
drop impact. The result is a reduction of the spring 
pressure. With very light loads it has been found that 

at times so great 
With heavy loads, such 

as those used in the bus tests, this does not occur, but a 
considerable reduction of the spring pressure may take 
place. 

Had the spring deflections been measured in the tests 
with artificial obstructions the impact forces shown in 
Figures 6 and 7 would have been less than those plotted. 
In the case of natural obstructions it is impossible to 
determine in what phase of their relative motion the 
sprung and unsprung masses may be at the instant of 
impact. The spring pressure under static load has 
therefore been taken as representing a fair average for 
all road conditions. 

TESTS INVOLVING ARTIFICIAL OBSTRUCTIONS 

The data obtained in that portion of the tests which 
involved the artificial obstructions are given in Figures 
6and7. In addition to yielding information concerning 
he relative magnitudes of shock and drop reactions at 
speeds up to 75 miles per hour these tests serve as : 
tie-in to the earlier impact investigations where arti- 
ficial obstructions were used on an otherwise smooth, 
level road surface. 

Three steel obstructions were used. The 1 by 30 
inch inclined plane and the 1 by 12 inch rectangular 
obstruction were the same as those used in previous 
tests, while the 1 by 12 inch rectangular obstruction 
was introduced in these tests. The method of securing 
them in place was by bolting them to nuts set in the 
concrete pavement, and only one obstruction was placed 
on the road at any time. Data for both shock and drop 
conditions were taken with all three obstructions. 

The tests involving the use of artificial obstructions 
were made on a completed section of the Mount Vernon 
Memorial Highway before it was opened to general 
traffic. It was fortunate that a portion of this smooth, 
wide highway could be made available for this work and 
provisions made for controlling all other traffic while 
the tests were in progress. ‘The vehicle used had a 
sross weight of 12 tons and, although speeds of about 
80 miles per hour, or 120 feet per second, were attained, 
the tests were conducted without danger to life or 
property. 

In Figure 6 the data are given for the tests with the 
dual 9.75-24 inch balloon tires over the three artificial 
obstructions and Figure 7 gives the corresponding data 
for the single 12. 75-24 inch balloon. The inflation 
pressures were maintained at 63 and 90 pounds per 
square inch, respectively, in these and all subsequent 
tests. 
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These data show the distinct tendency for the curves 
representing shock reactions to flatten out at the higher 
speeds. It is significant that the shock reactions do 
not, even at a speed of 75 miles per hour, reach magni- 
tudes as great as those reached by the corresponding 
drop reactions at speeds between 20 and 40 miles per 
hour. This relation leads to the important conclusion 
that, in so far as artificial obstructions such as these are 
concerned, the reactions of a motor vehicle wheel 
equipped with balloon tires tend to reach a maximum 
value at a speed between 20 and 40 miles per hour. 

In connection with this discussion of the tendency for 
shock reactions to approach a maximum value as the 
speed is increased, it is noted that the maximum shock 
is reached with the 1-inch rectangular obstruction at a 
lower speed than is the case with the 1}-inch obstruc- 
tion. Thisisin accord with the discussion of the theory 
underlying this phenomenon as brought out in the April, 
1931, issue of Pustic Roaps. When an obstruction is 
encountered by a tire in its travel over a road surface 
there is a tendency for the tire to envelop the obstruc- 
tion by a local deformation of the cushioning material. 
As the speed increases the time during which a given 
obstruction is passing under the tire is decreased. If 
the obstruction is not too large and the tire has sufficient 
cushioning qualities, then at some speed the tire will 
substantially absorb the roughness condition without 
appreciably elevating the vehicle axle. The curve 
representing the shock reaction will increase up to that 
critical speed, and any increase in speed beyond the 
critical speed will show little or no increase in shock 
reaction for the given obstruction and tire equipment 
conditions. On the other hand, when the axle is raised 
as the result of a shock reaction, there is a corresponding 
and ensuing drop reaction. If the elevation of the axle 
due to shock gradually decreases with increases of speed, 
then the corresponding drop reaction will proportion- 
ately decrease. 
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In theory this elevation of the axle will approach zero 
as a limit when the speed is indefinitely increased. If 
this theoretical limit were ever reached the correspond- 
ing drop reaction would necessarily be zero. However, 
within the practical working limits defined by these 
tests, 1t appears that when the shock reaction ap- 
proaches a maximum for a given obstruction and tire 
the elevation of the axle due to shock approaches a con- 
stant value as evidenced by the approach of the corre- 
sponding drop reaction to a constant value of relatively 
low magnitude. 

Figures 6 and 7 bring out two other interesting facts. 
One is that an inclined plane of the dimensions of that 
used in the tests can produce appreciable shock reac- 
tions at high speeds. The other supports a conclusion 
drawn in earlier reports that the impact reactions 
developed by dual tires are slightly greater than those 
developed by single tires of the same type and having 
the same capacity as the duals. 

TESTS INVOLVING NATURAL OBSTRUCTIONS 

The natural obstructions used in the second phase of 
the program represent the worst which could be found 
at places where reasonable speeds could be attained in 
an area of more than 1,100 square miles, involving about 
400 linear miles of primary and secondary roads in the 
vicinity of Washington, D. C. Tests were conducted 
at 28 locations throughout the full range of safe speeds 
possible at each. The load condition was the same as 
in the tests involving artificial obstructions. The dual 
9.75—24 inch tires were used in tests at all locations, 
and in one case (fig. 22) additional tests were made 
with the single 12.75-24 inch tire. 

As some of the tests over the natural obstructions 
were made at speeds considerably in excess of the legal 
limit, a special police detail of trained officers was made 
available to direct and control traffic in order that the 
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Figure 9.—Impact REACTIONS PRODUCED ON A WATER- 
BOUND MacapaM Roap By CORRUGATED SURFACE 

high speeds might be safely attained. This courtesy 
was extended through the cooperation of the State 
roads commission and the commissioner of motor 
vehicles of the State of Maryland. 

The data obtained in tests at 16 of the natural ob- 
structions have been selected as representative and are 
presented in Figures 8 to 23, inclusive. These figures 
show the relation between the magnitude of the maxi- 
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Figure 11.—Impact REAcTIONS PRODUCED ON A Con- 
CRETE ROAD BY A HEAVE AT A JOINT PARTLY REPAIRED 
with BirumiInous MATERIAL 

mum impact reaction (whether shock or drop) and the 
vehicle speed as developed by the test bus at each of 
these very rough places in the highway surfaces. 

The character of the surface at each location is shown 
by both a photograph and a profile taken along the 
path traversed by the right rear wheel of the test 
vehicle, which passed from left to right along the road 
surface as shown. The photograph gives a general 
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FicgurRE 13.—Impacr REAcTIONS PRopDUCED ON A Con- 
CRETE BRIDGE BY THE SHARP RISE TO THE BRIDGE FROM 
A Roap at A LOWER GRADE 

picture of the rough spot. The straightedge, to be seen 
in most of the photographs, is 4 inches in height and 
12 feet long, and is marked off in 1-foot intervals 
throughout its Jength. The shadow thrown on the 
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FiaureE 15.—Impact REAcTIONS PRODUCED ON A NEW Con- 
CRETE BRIDGE BY SETTLEMENT OF FILL UNDER CONCRETE 
APPROACH 

of the roughness of the road surface. The profiles, 
shown to a greatly distorted scale, are intended to give 
the details of the surface for engineering purposes rather 
than a ‘“‘picture”’ of conditions as they existed. This 
fact should be kept in mind whenever an attempt is 

pavement by this straightedge gives an excellent idea made to compare the size or shape of the natural rough- 
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Figure 18.—Imeactr Reactions Propucep at 4 Birv- 
MINOUS PaTcH IN A CONCRETE PAVEMENT 
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Figure 17.—Impacr ReEactTions PRODUCED ON A _ Con- 
CRETE PAVEMENT AT A BabD JOINT WHICH HAS BEEN 
PATCHED wiTH BirumiINous MIxTURE 

nesses as shown on the profiles with that of the artificial 
obstructions used in the first part of the program of 
tests. These three artificial obstructions, the 14 by 
30 inch inclined plane, the 1% by 12 inch rectangular 
obstruction, and the 1 by 12 inch rectangular obstruc- 
tion, are shown on each drawing to the same distorted 
scale as the profiles in order that their shapes may be 
compared with those of the natural obstructions. 
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Figure 19.—Impact ReEactTIONS PRODUCED ON A Mac- 
ADAM ROAD BY THE UNEVENNESS OF THE GRADE AT A 
BRIDGE CONNECTION 

The impact force produced at a given natural ob- 
struction may not be directly comparable to that 
developed in the tests with the artificial obstructions, 
even though the two appear to be of approximately 
corresponding dimensions. The shape of the artificial 
obstructions 1s conventional, and in the tests they were 
placed on an extremely smooth, level stretch of new 
concrete pavement which had a very flat crown. Dur- 
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Figure 21.—Impact REAcTIONS PRODUCED ON AN OILED 
GRAVEL Roap By CORRUGATIONS ON A STEEP GRADE 
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ing the test the right rear wheel approached the 
obstruction along this smooth surface and at the 
instant of contact the body of the vehicle and the 
rear springs were in what may be termed the normal 
rolling position. Even during the impact at the right 
rear wheel, the other three wheels were passing over 
smooth pavement. Under such conditions the influence 
of the road surface adjacent to the artificial obstruc- 
tions may be regarded as a minimum and _ probably 
negligible. In the case of the tests with the natural 
obstructions, however, such is not the case. The 
obstructions themselves conformed to no conventional 
design, the adjacent pavement was more or less uneven, 

- the crown was not always flat nor the grade level. The 
profile of the road surface was even different under the 
two tires of the right rear wheel, an extreme case of 
this being shown in Figure 9. The result of these 
complicating factors was that the four wheels of the 
vehicle approached the natural obstruction over a 
surface that was not smooth and at the instant of 
contact of the right rear wheel with the rough place in 
the road surface the position of the vehicle body and 
the state of compression of the rear springs was being 
influenced by what had occurred and was occurring at 
all of the four wheels of the vehicle. It is, therefore, 
to be expected that the conditions attending the tests 
with the natural obstructions might combine to exert 
a considerable influence on the relation between the 
magnitude of the impact reaction and the speed of the 
vehicle. 

Early in the tests involving natural obstructions it 
was indicated that the segregation and identification 
of shock and drop types of reaction would necessitate 
an undue length of time at each location. As the magni- 
tude of the maximum reaction at a large number of 
rough spots was of greater significance, the force 
measured for each test run is the maximum developed, 
whether shock or drop in type. However, the shape 
of the force versus speed curves is, in many instances, 
characteristic of the drop type of reaction at the lower 
speed range and characteristic of the shock type at the 
higher speeds. 

The data from the tests over the numerous natural 
obstructions evidence considerable variety in the shape 
of the curves showing impact force as influenced by 
vehicle speed. Because of the infinite variety of the 
roughness conditions which can and do occur on the 
highways, the results of tests involving only one rough 
spot or type of roughness condition should not be taken 
as representative of the reactions which may occur. So 
far as the tests involving these 28 natural obstructions 
may be considered to be representative, it is indicated 
that the maximum reactions developed by balloon 
tires on the highway are of the same order as the maxi- 
mum reactions developed in the tests with artificial 
obstructions, or about three times the static wheel load. 
These tests also show that the maximum reaction on 
the road may occur at nearly any operating speed, 
depending upon the particular attributes of the surface 
roughness involved. As the roughness conditions on 
the road possess individual characteristics, each one 
unique with respect not only to the local roughness but 
to the general profile of the adjacent road surface as 
well, so do the relations between impact force and 
vehicle speed show corresponding individuality. 

The conclusion, based upon results of tests with 
artificial obstructions on an otherwise smooth and level 
road, that the reactions may reach maximum values 
between 20 and 40 miles per hour, must be somewhat 

modified when the results of tests involving ‘‘natural”’ 
rough spots or obstructions are considered. In a few 
cases the reactions caused by the natural obstructions 
which were used do actually reach maximum values at 
a speed of 40 miles per hour or less. The preponderant 
tendency, however, is for the reactions to show a gen- 
eral increase with increases in speed. 
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Figure 24.—CompositE oF Attu Data DERIVED FROM 
Tests INVOLVING SEVERE NATURAL OBSTRUCTIONS 

A better conception of the real significance of the 
reactions which may and do occur as a result of rough 
spots in the pavement surface may be obtained by refer- 
ring to Figure 24, in which the data from all tests at 
the 28 locations have been plotted in a common graph. 
In this figure the dotted line represents the envelope of 
all the force versus speed curves for the individual con- 
ditions. The broken line, however, more nearly repre- 
sents the maximum reactions to be expected through- 
out the speed range covered by this large group of data 
for natural roughness conditions. Between the limits 
of 15 and 30 miles per hour the dotted-line curve is 
based solely on points plotted from data which repre- 
sent a single natural roughness condition. (See fig. 9.) 
The general trend, as indicated by the broken line, is 
for the reaction to increase up to a speed of about 50 
miles per hour, when a general maximum is reached 
which is constant up to 70 miles per hour. The reac- 
tions, in percentage of static load, indicated by the 
broken line as maxima to be expected as a result of 
these natural obstruction tests, are given in Table 2. 

TABLE 2.—General maximum reactions produced by 28 natural 
rough spots on highways 

Ratio of Ratio of 
impact impact 

Speed ee reaction Speed DP eC reaction 
to static to static 

load load 

Miles per Miles per 
hour Pounds | Per cent hour Pounds | Per cent 
0 8, 000 100 40 21, 800 273 
10 11, 000 138 50 23, 500 294 
20 15, 200 190 60 23, 700 296 
30 19, 000 238 70 23, 700 296 

From this it may be concluded that the maximum 
reaction which a heavy vehicle equipped with balloon 
tires may be expected to produce when traveling over 
a large number of natural rough spots is about three 
times the magnitude of the static wheel load, and that 
at 40 miles per hour reactions of about two and three- 
quarters times the static wheel load or 92 per cent of 
the maximum may be expected to occur. 

MAGNITUDE OF REACTION VERSUS FREQUENCY 

The tests concerning the magnitude of impact reac- 
tion developed versus the frequency with which such 
forces occur on actual highways were made on 14 typi- 



146 PUBLIC ROADS Vol. 13, No. 9 

cal roads. Seven representative surface roughness con- 
ditions for each of the concrete and bituminous types 
of construction were selected in the same area in the 
vicinity of Washington in which the natural obstruc- 
tions were found. ‘The surface roughness of the seven 
roads in each group ranged from the best to the worst 
which could be found in the area examined. The 
length of each test section was one-half mile and none 
of the natural obstructions which were used in the tests 
previously described, or any other exceptional condi- 
tion, was included in the representative test sections. 
Tests on each road were made at speeds of 20, 30, and 
40 miles per hour. 

These roads were selected in the following manner: 
Within the area surveyed a number of sections were 
considered to be of sufficient length and carrying such 
volume of traffic as to warrant consideration of them as 
representative surfaces. These sections were then 
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examined with a device for indicating relative road 
surface roughness. This roughness indicator was de- 
scribed in Pusiic Roaps, volume 7, No. 7, September, 
1926. Although this instrument can not be said to 
measure the actual roughness of a road surface, it serves 
as a valuable guide in determining the relative rough- 
ness of road surfaces and it was so used in this investi- 
gation. Readings were taken at o-mile intervals over 
about 5 miles on each section, and from the data thus 
obtained a }-mile length was finally selected as uniform 
and representative of the section. It is interesting to 
note that the impact-frequency curves for the seven 
roads of each type arranged themselves, with one minor 
exception, in the same order as the road surfaces were 
classified with the relative roughness indicator. 

The impact frequency tests were made at several 
speeds to avoid the arbitrary selection of any one speed 
in conducting the tests. The maximum speed was 40 
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UprpeR.—THE SMOOTHEST CONCRETE SURFACE TESTED 
LOWER.—THE ROUGHEST CONCRETE SURFACE TESTED 

FIGURE 27.—ExXAMPLES OF RoADS ON WHICH 

miles per hour, because that was the maximum which 
could be maintained conveniently on all of the half-mile 
test sections with safety and it was within legal speed 
limits. Higher speeds were not used because too much 
time would have been wasted in awaiting favorable 
traffic conditions to make the entire test run at constant 
speed without weaving in and out of traffic. In the 
previous tests involving artificial and natural obstruc- 
tions it was found that maximum reactions were 
reached or reasonably approached at a speed of 40 miles 
per hour. Furthermore, tests conducted at this speed 
are representative of a considerable volume of normal 
traffic. 

The force versus frequency data are presented in 
Figures 25 and 26. There is very little difference 
between the ranges of impact-producing roughness of 
the concrete and bituminous pavements tested. The 
smoothest surfaces and the roughest surfaces of each 
pavement type tested appear to be, respectively, of 
comparable orders. In Figure 27 photographs of the 
best and worst sections of each type are shown. 

In Figure 28 the data are rearranged to give a more 
generalized picture of the range in forces produced as 
influenced by the frequency of occurrence and the 
vehicle speed. In this figure curves have been drawn 
representing the forces, expressed in terms of static 
wheel load, produced by the best and the worst surface 
conditions of the roads represented in the tests. 

These force versus frequency data indicate that the 
effect of speed is of comparatively little significance 
when the road surface is reasonably smooth. Even on 
the smoothest surfaces reactions of from 110 to 125 per 
cent of the static wheel load occur with sufficient fre- 
quency to constitute a factor which should be considered 

Uprer.—THE SMOOTHEST BITUMINOUS SURFACE TESTED 
LOWER. —THE ROUGHEST BITUMINOUS SURFACE TESTED 

r 
Impact-FREQUENCY Trsts WERE Map 

200 -— + T = 

RK ROUGHEST SURFACES TESTED 

x 

150 % il 

oe VEE es SURFACES TESTED 

EA eee eae | 
zi 10 PER MILE | 

100 #2= 

200 = 
a 

6 x 

4 ae ROUGHEST 
Vv x = 150 + 
= * SMOOTHEST 
4 2 xl ile ee et 
ie ae ay 
Zz eee —T 25 PER MILE 
Ww 100 Ke 
13) 

oi 200 
1 

w ROQUGHEST 

y v2 
e emcee 50. — 

5 ee ale SMOOTHEST 
a pence spate We 

= pee mes 50 PER MILE 
100 Pre So = 

200 (> T a | 

ROUGHEST 

150 t 

| ee as 

| a see Set 
—+ 5 100 PER MILE 

30 - 40 50 60 70 60 
SPEED-MILES PER HOUR 

©- CONCRETE SURFACES x- BITUMINOUS SURFACES 

FicgurE 28.—Tuer INFLUENCE OF ROAD SURFACE CONDITION 
ON THE ImpAcT ForcE-FREQUENCY RELATION 

in pavement design. As the surface roughness in- 
creases the frequency at which a given impact force 

(Continued on p. 151) 



EXTRA WIDE HIGHWAYS ON STATE SYSTEMS 
HE accompanying table shows the extent to which 

ake: construction of State roads having more than 
two traffic lanes had progressed by the end of the 

calendar year 1931. <A total of 3,790 miles was re- 
ported, of which 2,230 miles were of 3-lane width, 1,385 
of 4-lane, 83 of 5-lane, and 92 of 6 lanes and over. 

It should be noted these figures refer to rural high- | 
ways on the State systems only. There is also a very 
great mileage of city streets and parkways having more 
than two lanes, including many broad traffic arteries 
which connect with the State systems at the city limits. 
No figures are available on the extent to which the coun- 

WILKINSON BOULEVARD, BETWEEN GASTONIA AND CHAR- 
LOTTE, N. C. 

ties have participated in the development of extra wide 
surfaces. 

The recently completed Mount Vernon Memorial 
Highway, 15 miles long, with a minimum width of 40 
feet, is ‘under the jurisdiction of the Federal Govern- 
ment, and is therefore not included in the mileage re- 
ported for Virginia. 

The excess of 3-lane over 4-lane roads is very largely 
accounted for by the figures from the State of New 
York, which reports 914 miles of 3-lane road and only 
185 miles having 4 lanes. Illinois, in contrast, has only 
7 miles of 3-lane roads and 251 miles with 4 lanes. 

The results of a cooperative study of highway traffic 
capacity were reported by A. N. Johnson, dean, College 
of Engineering, University of Maryland, in Pustic 
Roaps, volume 13, No. 3, May, 1932. In this report 
it is stated that the working capacity of a 3-lane road, 
defined as the point at which conegesina first becomes 
apparent, was found to be about 2,000 vehicles per 
hour, an increase of approximately 100 per cent over 
that of a 2-lane road. The working capacity of a 
4-lane road was found to be about 3,000 vehicles 
per hour. Considerations of safety may influence the 
choice of a 4-lane width, as it eliminates the conflict 
between vehicles on the single passing lane, which 
may be an appreciable hazard with heavy traffic on a 
3-lane road. 

Only 175 miles of roads having more than four lanes 
have been built on the State highway systems. While 
such broad boulevards are not uncommon in large 

148 

cities, there are few sections of State highways on 
which the traffic justifies the construction of more 
than four lanes. Even when there is sufficient 
volume, as in the case of a road connecting two 
great cities, the problem of distributing traffic at the 
urban terminals of a 6 or 8 lane highway is very diffi- 

40-Foot Brick PAVEMENT NortH OF AKRON, OHIO 

cult. Itisvery often preferable to open up an alternative 
route having four lanes or less. 

The dual road, in which the opposing traffic streams 
are separated by parkway or car tracks, has distinct 
advantages from the standpoint of safety, in addition 
to the opportunities for landscape treatment afforded 
by a central parkway. The increased width of right 
of way required and the cost of improving the separat- 

Dua Highway BETWEEN Detroit AND ANN ARBOR, MICH. 

ing strip are items which tend to retard the develop- 
ment of the dual road. Eighty-four miles of this type 
had been built at the end of 1931, of which 23 miles 
were built during that year. 

Of the 3,790 miles of existing extra-wide highways, 
1,008 miles were built in 1931. Of this total, 388 
miles were of 3-lane, 600 of 4-lane, and 20 of oreater 
than 4-lane width. It is apparent that the trend is 
toward 4-lane rather than 3-lane highways and that 
designs involving more than four lanes are not finding 
much favor at the present time. 
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STATE AND LOCAL GOVERNMENTAL AGEN- 
CIES EXEMPT SP ROVSERDERAIs 

EAGISE ST ANE 

State and local highway officials who have the duty of 
purchasing gasoline, lubricating oil, automobiles, tires, 
or other articles and commodities on which excise duties 
were levied under the revenue act of 1932 may be inter- 
ested in the following extracts from the regulations of 
the Bureau of Internal Revenue, United States Treas- 
ury Department. 
From Regulations 42, relating to the taxes on tele- 

graph, telephone, radio, cable facilities: transportation 
of oil by pipe line; safe deposit boxes, checks, etc.; and 
electrical energy 

Art. 19. Services rendered to the United States or to any State 
or Territory or to the District of Columbia.—Telephone, telegraph, 
cable and radio dispatches, messages, and conversations relating 
to Government business, which originate in the United States 
and which are a charge against the United States, the District of 
Columbia, a State, or Territory, and are paid from the funds 
thereof, are exempt from the tax. Messages, conversations, and 
dispatches which are not paid from such funds are not exempt 
from tax, even though they relate to Government business. 

The words ‘‘State’”’ and ‘‘ Territory” include political subdi- 
visions thereof, such as counties, cities, towns, and other munici- 
palities. 

ART. 36 Gn party). * = * The checks; drafts, or orders 
drawn by officers of the United States or of a State, county, or 
municipality, or of a foreign government, in their official capac- 
ities, against public funds standing to their official credit and 
in furtherance of duties imposed upon them by law are not sub- 
ject to the tax. 

Art. 41 (in part). * * * Electrical energy furnished to 
the United States or to any State or Territory, or political sub- 
divison thereof, or the District of Columbia is exempt from tax. 

This exemption does not apply to payments for electrical 
energy for domestic or commercial consumption furnished by 
governmentally or municipally owned electrical power companies. 

The exempt agencies must establish their right to exemption 
by submitting the necessary evidence to the person furnishing 
the electrical energy. 

From Regulations 44, relating to the taxes on lubri- 
cating oil; ‘brewer’s wort and malt products; grape 
products; matches; soft drinks; and gasoline— 

Art. 9. Exempt sales to States and political subdivisions there- 
of —If articles are sold directly to a State or political subdivision 
thereof for use in the exercise of an essential governmental func- 
tion, the tax does not attach, but sales to a dealer or distributor 
are taxable even though the manufacturer has knowledge that 
the articles are destined for ultimate use by or resale to a State 
or political subdivision thereof. Sales to the Government of the 
United States, the District of Columbia, or a Territory or pos- 
session of the United States are taxable. 

From Regulations 46, which deal with excise taxes 
imposed under Title IV of the revenue act of 1932 on 
sales by the manufacturer, producer, or importer, of 
tires and inner tubes, toilet preparations, furs, jewelry, 
etc., automobiles, motor cycles, etc., radio receiving 
sets and phonograph records, mechanical refrigerators, 
sporting goods, firearms, shells, and cartridges, cam- 
eras, candy, and chewing gum— 

Art. 17 Gn part). * * * The tax does not attach to sales 
of any articles to States or political subdivisions thereof to be 
used in the exercise of an essential governmental function, pro- 
vided such sales are made direct by the manufacturer to a State 
or political subdivision thereof without any intervening sale to a 
dealer or distributor. 

The claim for exemption from these excise taxes is 
made by the manufacturer or producer, who must fur- 
nish the Bureau of Internal Revenue with satisfactory 
evidence that the purchase was made with Govern- 
ment funds and for the official use of the Government 
agency concerned. 

Articles or commodities purchased under the tax 
exemptions outlined above must not be resold or ap- 
propriated to personal use, as such action is in violation 
of the Federal statutes and is punishable under section 
1114 of the revenue act of 1926, which, as stated in 
Regulations 46, article 73, provides that— 

any person who willfully fails to pay or collect any tax due, file 
return or keep records, or who attempts in any manner to evade 
or defeat the tax, is subject to a fine of $10,000 or imprisonment, 
or both, with costs of prosecution, and is also liable to a penalty 
equal to the amount of the tax not collected or paid. 

VITRIFIED BRICK ON CONNECTICUT 
AVENUE EXPERIMENTAL ROAD 

Experiment No. 6, the most northerly portion of the 
Connecticut Avenue experimental road, was constructed 
of vitrified brick on a foundation of 1:3:7 gravel con- 
crete. The photographs on the back cover of this 
issue show the method of construction and the appear- 
ance of the surface shortly after completion. The 
front cover shows the condition of the pavement in the 
summer of 1932 after 19 years of service. 

The entire surface was constructed during the spring 
of 1913. On the concrete foundation a cushion of 
sand was spread, rolled with a 300-pound roller, and 
struck off to a true depth of 2 inches. The brick were 
laid in straight courses at right angles to the curb, and 
the surface was rolled with a 5-ton tandem roller until 
they were firmly bedded in the sand cushion. The 
joints were filled with two applications of 1:1 Portland 
cement grout, the first application being swept into the 
joints and the second squeegeed over the pavement. 
Immediately after completion of the grouting sand was 
spread over the pavement to a depth of one-half inch 
and kept wet for seven days. This procedure differed 
from modern methods in the thickness of the sand 
cushion and the use of cement rather than bituminous 
grout in the joints. In brick pavements to-day the 
sand cushion is seldom more than 1 inch thick. 

Longitudinal joints were provided along each curb, 
but no transverse expansion joints were constructed 
and the ends of the pavement were practically fixed. 

The experiment was constructed with brick obtained 
from many sources and of widely differing characteris- 
tics. They were laid in 14 subsections, A to N. The 
cost of the surface, including the concrete base, was 
$2.58 per square yard. 

Sections K, L, M, and part of N were constructed 
over a heavy fill which some years ago settled to a 
considerable extent, causing failures in the overlying 
pavement and necessitating heavy repairs during 1919, 
1920, and 1922. The fill has continued to settle and 
maintenance costs on these sections have been high. 
Such costs are not properly chargeable to surface 
maintenance and have not been included in the 
computations of maintenance charges. 

A foundation failure occurred also at the junction of 
this experiment and the adjoining concrete pavement. 
This was apparently caused by expansion of the con- 
crete, and the brick on a strip 2 feet wide are cracked 
and worn. The brick of section N are rough and 
badly broken. 

There has been little or no transverse cracking, al- 
though a considerable number of fine longitudinal cracks 
have developed and in some cases extend through 
several sections. However, they seem not to have 
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affected the behavior of the wearing surface. Except 
for the repair of defects directly caused by subgrade and 
foundation failure, maintenance on this experiment has 
been confined to the filling of these cracks with bitumin- 
ous material. The cost of such maintenance to date 
has amounted to 20.10 cents per square yard. 

The brick section remains in excellent condition, 
showing little wear and no indication of failure under a 
traffic of approximately 3,000 vehicles per day. 

(Continued from p. 147) 

occurs also increases and the influence of vehicle speed 
becomes of greater importance. Ona moderately rough 
road a vehicle of the type used will develop reactions of 
the general order of 150 per cent of the static wheel 
load with a frequency of fifteen to twenty-five times per 
mile when traveling at the rate of 40 miles per hour. 
These data further indicate that twice the static wheel 
load may be taken as a general maximum value of the 
reactions which such a balloon-tired vehicle will produce 
with sufficient frequency to be considered in pavement 
design. 

CONCLUSIONS 

Considering as a whole these tests with a balloon- 
tire-equipped bus, it may be said that— 

1. Reactions of about three times the static wheel 
load may be encountered in isolated cases, mostly 
where pavement failure has already occurred and 
repairs are necessary. 

2. A few reactions amounting to twice the static 
wheel load may be expected for each mile of rough 
surface. 

3. The frequent reactions for rough surfaces amount 
to about 1.5 times the static wheel load. 

4. Even the smoothest roads produce frequent reac- 
tions of from 1.1 to 1.2 times the static wheel load. 

5. Concerning the maximum reactions produced at 
a large number of individual roughness conditions, the 
general tendency is for this maximum to increase in 
approximate proportion to speed up to about 40 miles 
per hour, and at speeds greater than that comparatively 
slight increases in reaction are noted. However, occa- 
sional roughness conditions may occur where the 
Maximum reaction developed at 20 or 30 miles per 
hour is as great as the maximum produced by the 
majority of the roughnesses at only the higher speeds. 

WASHING MACHINE DESIGNED FOR USE IN DETER. 
MINING CONSTITUENTS OF FRESH CONCRETE 

By William A. Blanchette, Highway Engineer, U.S. Bureau of Public Roads 

N THE analysis of fresh concrete to determine the 
proportion of each ingredient contained in it the 
ingredients must be separated. One method is to 

wash the concrete on a No. 100 sieve, to reclaim the 
cement from the wash water, to split the aggregates 
into fine and coarse on the proper sieve and by the 
difference between the initial weight of the concrete 
and the weight of the sum of the solids reclaimed, to 
calculate the weight of the water. Another method, 
which is based on the Archimedes principle, and which 
is referred to as the Dunagan method, consists of weigh- 
ing the concrete in air and in water, washing out all 
material passing the No. 100 sieve, determining the 
weight of cement by differences in immersed weights, 
converting immersed weights of cement, fine aggregate, 

FicurE 1.—TwHeE SAMPLE OF FRESH CONCRETE TO BE ANA- 
LYZED IS PLACED ON THE No. 4 SrmvE WHICH 18 DIRECTLY 
BELOW THE PERFORATED PIPE AND ATTACHED TO BASE 
FRAME ‘‘A.’’ ANOTHER SIEVE IS PLACED ON CLEatTs ‘‘B”’ 
ABOVE THE PIPE 

and coarse aggregate to air weights, and determining 
the weight of water by differences in air weights. 

Either method requires that the sample of concrete 
be washed on sieves, and in order to facilitate this 
washing process a washing machine was recently devised 
and used successfully in connection with the Dunagan 
method. 

As may be seen in Figures 1 to 4, this machine con- 
sists of an octagonal drum mounted on a frame. No. 

FicgurE 2.—FRAME C 1s PLACED OVER THis No. 4 SIEVE. 
Tuts FRAME COMES IN CONTACT WITH THE Top COVER 
AND HOLDS THE SIEVE FIRMLY IN Puace. THE Top 
CovER IS THEN CLAMPED IN POSTION AND THE WATER 
TURNED ON 

100 sieves are inserted in six places around the circum- 
ference of the drum, three in the top removable cover, 
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and three in the bottom cover, also removable. <A 
perforated pipe to which the water line is coupled and 
through which the water is sprayed under pressure 
extends horizontally through the center of the drum. 
Two No. 4 sieves are inserted in the dr um, one on either 
side of the water pipe. ‘These form an inner compart- 
ment in which the sample to be washed is placed. The 

CONSTRUCT OF CLEAR, SEASONED WHITE PINE PAINTED WITH LEAD PAINT 

i ‘ i FRAME C FOR HOLDING UPPER 
NO. 4 SIEVE IN PLACE 

NO. 100 A SIEVE 

UPPER 

LOWER ~ 

NO. 4 SIEVE 

BOTTOM SECTION © 
REMOVED 

NO,100 SIEVE © ast, 

“ot 

SHE 

rt 2-0 

SECTIONAL END VIEW 

STRAP IRON ALL WAY AROUND 

NO. 4 SIEVE 

~ STRAP IRON ALL WAY AROUND 

| BRASS PIPE PERFORATED 

NO. |00 SIEVE REINFORCED 

WITH NO.4 SIEVE ON OUTSIDE 

volving the drum, with the top cover in place, the coarse 
aggregate is removed in the top cover. This machine 
is also used for determining the following correction 
factors (solids passing and retained on the 2-size sieves) 
which must be applied in the analysis: Fine aggregate 
passing the No. 100 sieve; fine aggregate retained on 
the No. 4 sieve; coarse aggregate passing the No. 100 

1-6 

To 
NO. [00 SIEVE ———— | 

HANOLE 

250 

ELEVATION 

Figure 3.—DeEsien or Wasuine Macuiné ror DETERMINING CONSTITUENTS OF FRESH CONCRETE 

removable covers, containing the No. 100 sieve, are 
equipped with rubber gaskets and are clamped to the 
base frame so that all material leaving the drum must 
pass through the No. 100 sieve. Each piece of No. 100 
sieve is reinforced on the outside with No. 4 sieve. 

As may be observed in the photographs, the machine 
as actually constructed differs in certain details from 
the design shown in Figure 3. The handles attached 
to the covers are of wood, and the clamps with which 
the latter are affixed to the base frame are of a different 
type from those shown in the drawing. 

The sample of fresh concrete is placed in the inner 
compartment on the lower No. 4 sieve which is attached 
to the base frame. The upper No. 4 sieve is then placed 
in position, and frame C, which holds this sieve firmly 
in place, inserted; thus confining the coarse aggregate 
so that it will not wear out the No. 100 sieve inserted 
in the top cover. The cover is then clamped in position, 
the water turned on, and the drum revolved and shaken 
until all material that will pass the No. 100 sieve has 
been washed out. By holding the drum so that the 
No. 4 sleves are in a horizontal plane and shaking the 
apparatus the fine aggregate is washed down through 
these sieves and is separated from the coarse aggregate. 
The fine aggregate is then removed in the bottom 
cover. After removi ng the upper No. 4 sieve and re- 

sieve; coarse aggregate passing the No. 4 sieve and re- 
tained on the No. 100 sieve; cement retained on the 

Figure 4.—ArrerR ALL MATERIALS PASSING THE No. 100 
SrrvE Have Been WASHED OUT, THE COARSE AND FINE 
AGGREGATES ARE SEPARATED AND REMOVED FROM THE 
Macuine. THE FINE AGGREGATE IS BEING REMOVED 
FROM THE Borrom Cover. THE CoAaRsSE AGGREGATE 
Is IN THE Tor CovrER 

No. 100 sieve; fine aggregate ground up during the 
mixing action so that it passes the No. 100 sieve. 
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